Summary.-The unusually high relative frequency of cancer in the laryngeal region in males (18% of all histologically diagnosed cancers) and a sex ratio of unity for lung cancer in Northern Thailand were further explored in a hospital-based case-control study in Chiang Mai. This compared patients having cancers of the oral cavity (including oropharynx), larynx, hypopharynx and lung, with controls in relation to smoking and chewing habits. Statistical analysis indicated that chewing betel is strongly associated with the occurrence of oral cancer in both sexes, and with cancer of the laryngeal region in males. No factors were strongly linked to lung cancer in men, but, in women, urban residence and miang cheving were associated with lung cancer. Analysis of smoke from the two main types of cigars smoked in the region showed that both had high tar content, but there were marked differences in pH. Smoking cigars with alkaline smoke and high tar had an increased risk for laryngeal cancer in males, whereas other cigars with acid smoke and high tar together with manufactured cigarettes had increased risks for lung cancer. These increased risks were not, however, statistically significant.
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MENAKANIT, Muir and Jain (1971) demonstrated a very high relative frequency (18 4%/ ) of cancer's of the laryngopharyngeal region among male cancer cases in Chiang Mai, Northern Thailand. This contrasts with a figure of 3 700 in Bangkok, Central Thailand (Piyaratn, 1959) . Although lung cancer has a low relative frequency (< 5%o) in both Chiang Mai and Bangkok, there were far more female cases in Chiang Mai (4-2o% Vs 0 7 o). This is reflected in the male: female ratio of 1-0 in Chiang Mai and 5 0 in Bangkok.
The aims of our case-control study were to search for associations between personal habits and cancers of the oral cavity, pharynx, larynx and lung. Attention was focused particularly on smoking, chewing and drinking habits, many of which are different from those in Western populations, especially in older adults. In the laboratory, cigars* from Chiang Mai were compared with Australian-manufactured cigarettes.
Smokling
Two major groups of hand-rolled cigars are smoked in Northern Thailand around Chiang Mai. A third imported type is not commonlv smoked by the local population.
(a) Khii yoo are cigars 14-22 cm in length and 3-8 g in weight, the size and weight varying with the place of purchase. The tobacco is mixed with additives before being wrapped in (5) to (11), (13) to (15), and (17) and (18) (Bates et al., 1968; Rothwell and Grant, 1972) were not used due to the limited number of cigars of each type available for analysis Khii yoo and yaa muan, which were hand-rolled at the market place by the merchant at the time of purchase, show considerable variation in size and shape. Sub-samples were selected at random for analysis. ( We did not attempt to minimize weight variation or select samples with a pressure drop within a specified pressure drop range.) (b) Sample preparation and smoking -The tobacco samples were prepared and smoked according to standard automated smoking conditions (Pillsbury et al., 1969, Rothwell and Grant, 1972) . The Total Particulate Matter (TPM), defined by Rothwell and Grant (1972) as "the fraction of mainstream smoke which is retained by the filter assembly during the smoking process" was evaluated using standard methods of analysis for tobacco smoke. The nicotine and moisture content of the tar residue were determined by gas chromatography using a combination of methods (Schultz and Spears, 1966; Jacin, Slanski and Moshy, 1968; Pillsbury et al., 1969) .
Cigar samples were measured, weighed and marked at a butt length of 30 mm. They were conditioned in a constant atmosphere of 65% relative humidity and 70°F for a minimum of 48 h prior to smoking The cigars were attached via standard filter assemblies to the ports of a 20-port automatic smoking machine adjusted to take 35-ml puffs. Ten determinations were made of each sample type, with either one or two cigars smoked per determination, depending on the expected tar value and the capacity of the filter pad.
(c) Measurement of pH1 of mainstream smooke.-The pH of the mainstream smoke of the khii yoo and yaa muan cigars was monitored directly, using a modification of the smoke train described by Sensabaugh and Cundiff (1967) and Hoffmann et al. (1973) . This method essentially consists of drawing smoke puff by puff over the moist surface of a combination electrode. In our study a nonionic wetting agent was employed, to ensure sufficient contact between the smoke and the two half-cells of the electrode. In addition, it was found necessary to cut the khii yoo cigars back to about half their original size, in order to overcome the relatively large pressure drop which would affect initial pH response. The pH of the smoke reached a relatively constant value after 15 to 20 puffs.
The pH profiles obtained were similar to those observed by Sensabaugh and Cundiff (1967) and Hoffmann et al. (1973) . In view of the empirical nature of the method, only the overall maximum and minimum pH values observed are reported, together with an average pH, so that a meaningful comparison can be made between samples analysed.
(d) Nicotine content of fresh tobacco.-Fresh (unsmoked) traditionally processed Northern Thai, and Australian tobaccos were analysed for nicotine, according to the method of Jacin et al. (1968) , using the solvent system prepared for TPM extraction. The nicotine was determined using the gas chromatographic conditions defined for TPM analysis. The results are expressed in mg/g of tobacco, or mixture in the case of khii yoo.
RESULTS

Univariate effects of risk variables
In a preliminary analysis, all 18 variables were related individually to each cancer site/sex combination. Mantel and Haenszel's (1959) procedure was used to make adjustments simultaneously for age (in three categories) and province of residence (Chiang Mai vs others). Table II presents adjusted relative risks and levels of statistical significance for those factors which were thus associated with at least one cancer type. The crude percentages of cases and controls who reported exposure to the same factors are given in Table I .
In both sexes, oral cancers were related (P < 0-05) to agricultural employment, rural residence, and betel chewing. Lack of formal schooling and cigarette smoking for men and pipe smoking for women were additional risk factors. The very high female relative risk of 12-27 is due to the fact that, of 6 reported pipe smokers in the entire female sample, 4 were oral cancer patients.
Cancers of the laryngeal region in males likewise occurred most frequently in those who worked in agriculture, failed to attend Apparent risk factors for female lung cancers were urban residence, cigarette smoking and miang chewing. In male lung cancer, cigarette smoking did not quite attain statistical significance (P = 0.06), nor did khii yoo smoking for either sex (P 0 11 for males and 0 07 for females). Unschooled males, as well as those who smoked pipes, tended to have less of the disease.
Relationship among risk variables
Relationships among the variables were studied separately for male and female controls. Although few of the correlations were strong, consistent patterns for the two sexes seem to explain certain of the findings. Demographic variables were clearly related, with agricultural workers tending to live in rural areas and receive more sunshine and less schooling. Such persons tended not to drink tea, coffee, or beer, nor smoke as many cigarettes as their schooled urban neighbours. However, they were more likely to chew betel or miang, smoke yaa muan or pipes and (for males) have a history of opium use. Persons adhering to the traditional rural lifestyle also tended to be older.
Correction for concomitant exposures to other factors
In an attempt to separate out the individual effects of demonstrably correlated risk variables, additional adjustments to the relative risk factors shown in Table  II (20) 62 (11) 91 (7) 140 (16) 108 (23) 78 (12) 79 (11) 63 (23) 44 (11) 39 (7) Nicotinemg 14 (3) 12 (2) 8 (4) 9 (2) 6 (5) 8 (3) 16 (3) 7 (2) 10 (2) 8 (1) 6 (2) 9 (2) 6 (2) 9 (2) 16 (3) 10 (2) 7 (1) 8 (1) 7 (3) 3 (3) 3 (1) Watermg 42 (24) 83 (34) 57 (46) 38 (31) 31 (39) 23 (24) 58 (26) 62 (43) 50 (26) 15 (9) 22 (19) 3 (2) 6 (2) 13 (4) 15 (6) 14 (14) 5 (2) 5 (8) 12 (12) tamarind contribute little to the overall quantity of total particulate matter obtained for khii yoo.
Tamarind pods contain fairly high proportions of citric and tartaric acids. In the belief that these could have a marked effect on the pH of the smoke, we carried out pH analysis of the mainstream smoke of Thai samples (Table VII) . The results show that all the khii yoo samples investigated produced a comparatively acid smoke, irrespective of the type of additive. Thus, both khooi bark and tamarind fruit additives appear to modify the khii yoo smoke to such an extent as to make it more acidic than, for example, Virginia-blended cigarette smoke (Sensabaugh and Cundiff, 1967; Hoffmann et al., 1973) . The yaa muan cigars, on the other hand, yield a relatively alkaline smoke, not unlike that of conventional European cigars.
DISCUSSION
Several considerations complicate the interpretation of the results of hospitalbased case-control studies such as this. Firstly, not all cases occurring in a defined geographic area or population are included in the study. This means that certain factors may operate to select those cases referred to a particular hospital which do 4.7-5 1 7 9-8 8 6 2-7 7 7 8-8 5 7 8-8 7 6 4-6 8 7 2-8 2 7 2-8 6 7 5-8 a 
Oral cavity and oropharynx
Evidence presented here for the dominant role of betel chewing in cancer of the oral cavity in both sexes confirms the findings of other studies. In contrast, the chewing of miang appears to have no effect. All those chewing betel nut reported they added lime and catechu wrapped together in a dried or fresh piper leaf; 25/ 26 betel-chewing cancer patients also added tobacco to the quid, whereas fewer than two thirds of the control chewers did so. Although these findings apparently favour tobacco as the major carcinogenic agent, other possibly related factors, such as other additives in the quid, dental sepsis (Shanta and Krishnamurthi, 1959) and nutritional deficiency (Wynder and Mabuchi, 1972) were not examined and cannot therefore be excluded. Although experimental evidence, reviewed by Muir and Kirk (1960) points to tobacco as the major causal factor in oral cancer, in New Guinea, oral cancer is frequent among coastal dwellers chewing betel nut with lime but without the addition of tobacco (Atkinson et al., 1964 
Smoke analysis
It seems that the nicotine and tar contents of the smoke of a yaa muan or khii yoo cigar may be more than 10 times as high as for an Australian cigarette (Table V) . This difference is partly accounted for by the greater weight of the Thai cigars, but output per gram is also higher, especially for yaa muan. Khii yoo burn poorly and have to be frequently relit, possibly increasing tar yield (Wynder and Hoffmann, 1967) .
The most important difference between yaa muan and khii yoo seems to be that in khii yoo the nature of the mainstream smoke is modified by the additives so as to make it lower in pH and more inhalable than yaa muan smoke. Hoffmann et al. (1973) proposed that pH and nicotine to a large extent determine the degree of smoke inhalability. An analytical comparison of cigarette and cigar smoke (Hoffmann and Wynder, 1972) has shown that the high nicotine concentration in cigar smoke coupled with high pH makes the inhalation of cigar smoke unpleasant as compared with cigarette smoke which is generally more acidic. Furthermore, the pH of mainstream smoke governs the degree of protonation of nicotine and hence its rate of absorption into the body (Armitage and Turner, 1970) . Nicotine in alkaline smoke is absorbed chiefly through the lining of the mouth and pharynx, whilst nicotine in the acid smoke of cigarettes is absorbed chiefly after it has been inhaled into the lungs (Smoking and Health Now, 1971) . Khii yoo smokers are apparently able to inhale the smoke very deeply without coughing (de Jong), suggesting that the mainstream smoke has greater inhalability than that of yaa muan: presumably because the former is relatively acid, whilst yaa muan smoke seems from our results (Table VII) to be relatively alkaline and therefore less likely to be inhaled deeply, although personal observation (de Jong) suggests that deep inhalation of yaa muan smoke is common among male smokers in Northern Thailand.
Although in our case-control study the associations of yaa muan and khii yoo smoking with laryngeal and lung cancers respectively were not statistically significant, the evidence that more khii yoo than yaa muan smoke may reach the lungs, and less remain in the upper respiratory tract, suggests that these associationc may nevertheless be of aetiological importance, and that they should therefore be explored by further detailed studies oflifetime smoking history in suitable cases and controls.
